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(54) Display device 

(57) The invention provides a display device in 
which parasitic capacitance associated with data lines 
and driving circuits is prevented using a bank layer 
whose primary purpose is to define areas on a substrate 
in which an organic semiconductor film is formed. When 
the organic semiconductor film for forming a lumines- 
cent element such as an electroluminescent element or 
an LED is formed in pixel regions (7), the organic sem- 



iconductor film is formed in the areas surrounded by the 
bank layer (bank) formed of a black resist. The bank lay- 
er (bank) is also formed between an opposite electrode 
(op) and data lines (sig) for supplying an image signal 
to first TFTs (20) and holding capacitors (cap) in the pixel 
regions (7) thereby preventing parasitic capacitance as- 
sociated with the data lines (sig). 
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Description 

[0001] The present invention relates to an active ma- 
trix display device in which driving of luminescent ele- 
ments such as LEDs (light emitting diodes) or EL (elec- 
troluminescent) elements which emits light when a driv- 
ing current is passed through an organic semiconductor 
film is controlled by thin film transistors (hereinafter re- 
ferred to as TFTs). More specifically, the present inven- 
tion relates to a technique of optimizing the layout to im- 
prove the display performance. 

[0002] Active matrix display devices using current- 
controlled luminescent elements such as EL elements 
or LEDs have been proposed. All types of luminescent 
elements used in display devices of this type have the 
capability of emitting light. Therefore, backlight is not re- 
quired in display devices of this type unlike the liquid 
crystal display devices. 

[0003] Fig. 1 3 is a block diagram illustrating an exam- 
ple of such an active matrix display device in which car- 
rier injection type organic thin film EL elements are em- 
ployed. The display device 1A shown in this figure in- 
cludes various elements formed on a transparent sub- 
strate, such as a plurality of scanning lines "gate", a plu- 
rality of data lines "sig" extending in a direction crossing 
the direction in which the plurality of scanning lines 
"gate" extend, a plurality of common power supply lines 
"com - extending in a direction parallel to the data lines 
"sig", and pixel regions located at respective intersec- 
tions of the data lines "sig" and the scanning lines "gate". 
To drive the data lines "sig", there is provided a data line 
driving circuit 3 including a shift register, level shifters, 
video lines, and analog switches. Similarly, to drive the 
scanning lines, there is provided a scanning line driving 
circuit 4 including a shift register and level shifters. Each 
pixel region 7 includes a first TFT 20 having a gate elec- 
trode to which a scanning signal is supplied via a scan- 
ning line, a holding capacitor "cap" for holding an image 
signal supplied from a data line "sig" through the first 
TFT 20, a second TFT 30 having a gate electrode to 
which the image signal held by the holding capacitor 
"cap" is supplied, and a luminescent element 40 into 
which a driving current flows when the luminescent el- 
ement 40 is electrically connected to a common power 
supply line "com" via the second TFT 30. 
[0004] In each pixel region, as shown in Figs. 14(A) 
and 14(B), the first TFT 20 and the second TFT 30 are 
formed using two respective island-shaped semicon- 
ductor films wherein one of the source/drain regions of 
the second TFT 30 is electrically connected to an inter- 
connecting electrode 35 via a contact hole formed in a 
first interlayer insulating film 51 and the interconnecting 
electrode 35 is electrically connected to a pixel electrode 
41 . At upper layers above the pixel electrodes 41 , there 
are provided a hole injection layer 42, an organic sem- 
iconductor film 43, and an opposite electrode "op", 
which are formed in a multilayer structure. The opposite 
electrode "op" extends across the data lines "sig" and 



other lines over a plurality of pixel regions 7. 
[0005] The other one of the source/drain regions of 
the second TFT 30 is electrically connected to the com- 
mon power supply line "com" via a contact hole. On the 
5 other hand, in the first TFT 20, one of the source/drain 
regions is electrically connected to a potential sustaining 
electrode "st" which in turn is electrically connected to 
an extension 310 of the gate electrode 31. A semicon- 
ductor film 400, which is doped with an impurity so that 
it exhibits conductivity, is disposed below the extension 
310 such that the semiconductor film 400 and the ex- 
tension 31 0 face each other via a gate insulating film 50. 
As a result, a holding capacitor "cap" is formed with the 
extension 310, the gate insulating film 50, and the sem- 
iconductor film 400. The semiconductor film 400 is elec- 
trically connected to the common power supply line 
"com" via a contact hole formed in the first interlayer in- 
sulating film 51. The holding capacitor "cap" holds the 
image signal supplied from the data line "sig" via the first 
TFT 20 so that the gate electrode 31 of the second TFT 
30 is maintained at a potential corresponding to the im- 
age signal even after the first TFT 20 is turned off. As a 
result, the driving current keeps flowing from the com- 
mon power supply line "com" into the luminescent ele- 
ment 40 and thus the luminescent element 40 keeps 
emitting light. 

[0006] However, in the display device described 
above, unlike liquid crystal display devices, the opposite 
electrode "op" opposing the pixel electrodes 41 is 
formed on the same transparent substrate 1 0 on which 
the pixel electrodes 41 are formed, such that the oppo- 
site electrode "op" extends over the entire surface of the 
transparent substrate 1 0 or over the plurality of pixel re- 
gions 7, and thus there is only a second insulating film 
52 between the opposite electrode "op" and the data 
lines "sig". As a result, the data lines "sig" have a large 
parasitic capacitance which causes the data lines "sig" 
to have a large load. Similarly, a large parasitic capaci- 
tance is present between the opposite electrode and in- 
terconnection layers included in the data line driving cir- 
cuit 3 or the scanning line driving circuit 4, because the 
opposite electrode "op" extends over the data line driv- 
ing circuit 3 and the scanning line driving circuit 4. As a 
result, the data line driving circuit 3 also has a problem 
of a large load caused by the large parasitic capaci- 
tance. 

[0007] The inventor of the present invention has de- 
veloped a technique of forming an organic semiconduc- 
tor film in a desired area by emitting a liquid material 
from an ink-jet head. The inventor has also developed 
a technique of defining an area where an organic sem- 
iconductor film is to be formed by surrounding the area 
by a bank layer so that the organic semiconductor film 
can be formed precisely in the defined area by means 
of the ink-jet technique without producing a part protrud- 
ing outward from the defined area. Herein, the inventor 
presents a technique of solving the above-described 
problems using the above techniques. 
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[0008] That is, it is an object of the present invention 
to provide a display device including organic semicon- 
ductor films formed on a substrate, in particular areas 
defined by a bank layer thereby preventing data lines 
and driving circuits from having parasitic capacitance. 

Disclosure of Invention 

[0009] According to an aspect of the present inven- 
tion, to achieve the above object, there is provided a 
display device comprising elements formed on a sub- 
strate, the elements including: a plurality of scanning 
lines; a plurality of data lines extending in a direction 
crossing the direction in which the scanning lines ex- 
tend; a plurality of common power supply lines extend- 
ing in a direction parallel to the data lines; and pixel re- 
gions formed in the shape of a matrix defined by the data 
lines and the scanning lines, each pixel region including: 
a first TFT having a gate electrode to which a scanning 
signal is supplied via one of the scanning lines; a holding 
capacitor for holding an image signal supplied from a 
corresponding data line via the first TFT; a second TFT 
having a gate electrode to which the image signal held 
by the holding capacitor is supplied; and a luminescent 
element including an organic semiconductor film formed 
between a pixel electrode provided in each pixel region 
and an opposite electrode extending across the data 
lines such that the opposite electrode faces the plurality 
of pixel electrodes, the luminescent element being 
adapted to emit light when the organic semiconductor 
film is driven by a driving current which flows between 
the pixel electrode and the opposite electrode when the 
pixel electrode is electrically connected to a correspond- 
ing common power supply line via the second thin film 
transistor, wherein light emitting areas of the organic 
semiconductor film are surrounded by a bank layer 
made up of an insulating film having a thickness greater 
than that of the organic semiconductor film, the bank lay- 
er being formed such that the data lines are, at least 
partly, covered with the bank layer. 
[001 0] I n the present invention, because the opposite 
electrode is formed at least over the entire pixel regions 
or in the shape of stripes over a wide area, the opposite 
electrode faces the data lines. This can result in a large 
parasitic capacitance associated with each data line. 
However, in the present invention, the bank layer formed 
between the data lines and the opposite electrode pre- 
vents a large parasitic capacitance from occurring be- 
tween the opposite electrode and the data lines. This 
results in a reduction in the load of the data line driving 
circuit. Therefore, it is possible to achieve a reduction in 
power consumption and an increase in the speed of dis- 
playing operation. 

[0011] In the present invention, a first driving circuit 
for outputting the image signal over the data lines or a 
second driving circuit for outputting the scanning signal 
over the scanning lines may be formed, together with 
the plurality of pixel regions, on the substrate. If such a 



driving circuit is formed at a location facing the opposite 
electrode, the interconnection layer formed in the driving 
circuit also has a large parasitic capacitance. In the 
present invention, to avoid such a problem, the driving 
s circuit is covered with the bank layer so as to prevent 
the driving circuit from having such a large parasitic ca- 
pacitance with respect to the opposite electrode. This 
results in a reduction in the load of the driving circuit. As 
a result, a reduction in power consumption and an in- 
fo crease in the speed of displaying operation are 
achieved. 

[0012] In the present invention, the organic semicon- 
ductor film may be a film formed, by means of an ink-jet 
technique, in areas surrounded by the bank layer, 

is wherein the bank layer may be a water repellent film ca- 
pable of preventing the organic semiconductor film from 
protruding outward from the above-described areas dur- 
ing the process of forming the organic semiconductor 
film by means of the ink-jet technique. In order to ensure 

20 that the organic semiconductor film is prevented from 
protruding outward, the bank layer may be formed to a 
thickness as large as about 1 um. In this case, to 
achieve a good partition wall, the organic semiconductor 
film is not necessarily required to be water repellent. 

25 [0013] In the present invention, it is desirable that an 
area of each pixel electrode overlapping the corre- 
sponding first thin film transistor or second thin film tran- 
sistor be also covered with the bank layer. In the present 
invention, in those areas of the pixel electrodes overlap- 

30 ping the first thin film transistors or the second thin film 
transistors, even if a driving current is passed through 
the organic semiconductor film to the opposite electrode 
and light is emitted from the organic semiconductor film, 
the light is blocked by the first TFT or the second TFT, 

35 and thus such light emission does not make a contribu- 
tion to displaying of an image. The driving current flow- 
ing in such a particular area of the organic semiconduc- 
tor film which makes no contribution to the display is 
herein referred to as an useless current. In the present 

to invention, the bank layer is formed in those areas where 
an useless current otherwise would occur so that no 
useless current flows in the areas. As a result, it be- 
comes possible to reduce the current flowing through 
the common power supply lines. Thus, it is possible to 

^5 reduce the width of the common power supply lines 
thereby increasing the light emitting areas. This allows 
an improvement in the displaying performance such as 
brightness and contrast. 

[001 4] In the present invention, the bank layer is pref- 
50 erably formed of a black resist film so that the bank layer 
also serves as a black matrix which results in an im- 
provement in the displaying performance. In the display 
device according to the present embodiment, the oppo- 
site electrode is formed at least over the entire pixel re- 
55 gions or into the shape of stripes over a wide area, and 
thus light reflected by the opposite electrode can cause 
degradation in the contrast. In the present invention, the 
above problem is avoided by forming the bank layer of 
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the black resist serving as a black matrix, which also 
serves to prevent parasitic capacitance. That is, the 
bank layer blocks light reflected from the opposite elec- 
trode and thus the contrast is improved. 
[0015] In the present invention, the driving currents 
for driving the respective luminescent elements are 
passed through the common power supply lines and 
thus the magnitude of the current passed through each 
common power supply line is greater than that flowing 
through each data line. Therefore, in the present inven- 
tion, it is desirable that the resistance of each common 
power supply line per unit length be smaller than the re- 
sistance of each data line per unit length so that the com- 
mon power supply line has a large current capacity. For 
example, when the common power supply lines and the 
data lines are made of the same material and they have 
the same thickness, the common power supply lines 
preferably have a larger width than the data lines. 
[001 6] In the present invention, it is desirable that pix- 
el regions be disposed at both sides of each common 
power supply line such that they are supplied with the 
driving current via this common power supply line, and 
furthermore, the data lines extend over the pixel regions 
on the sides opposite to the common power supply line. 
That is, elements are disposed into a pattern periodically 
repeated in the direction along the scanning lines 
wherein the unit pattern consists of a data line, pixels 
connected to that data line, a common power supply 
line, pixels connected to that common power supply line, 
and a data line supplying an image signal to those pix- 
els. In this arrangement, only one common power sup- 
ply line is required for every two lines of pixels. Com- 
pared to the case where one common power supply line 
is formed for each line of pixels, the total area needed 
for the common power supply lines becomes small. As 
a result, it becomes possible to increase the light emit- 
ting area and thus the displaying performance such as 
brightness and contrast is improved. 
[0017] In the construction described above, because 
two data lines are located close to each other, crosstalk 
can occur between these two data lines. In the present 
invention, to avoid the above problem, an interconnec- 
tion layer is preferably formed between these two data 
lines. In this arrangement in which another interconnec- 
tion layer different from the two data lines is disposed 
between the two data lines, the crosstalk can be pre- 
vented simply by maintaining the interconnection layer 
at a constant voltage at least for one horizontal scanning 
period. 

[0018] In the present invention, in the case where the 
organic semiconductor film is formed by means of the 
ink-jet technique, it is desirable that the center- to-center 
pitch of the organic semiconductor film areas be equal 
in any pixel regions arranged in the direction in which 
the scanning lines extend. In this case, it is simply re- 
quired to emit an organic semiconductor material from 
an ink-jet head at equal intervals along the direction in 
which the scanning lines extend. This makes it possible 



to emit the organic semiconductor material exactfy at 
specified points with a simple positioning control sys- 
tem. 

5 Brief Description of Drawings 
[0019] 

Fig. 1 is a schematic diagram illustrating a display 
10 device according to the present invention wherein 
an area where a bank layer is formed is also shown. 
Fig. 2 is a block diagram of a display device accord- 
ing to the present invention. 
Fig. 3 is an enlarged plan view illustrating some pix- 
'5 el regions of the display device according to the 
present invention. 

Fig. 4 is a cross-sectional view taken along line A- A" 
of Fig. 3. 

Fig. 5 is a cross-sectional view taken along line B-B* 

20 of Fig. 3. 

Fig. 6(A) is a cross-sectional view taken along line 
C-C of Fig. 3, and Fig. 6(B) is a cross-sectional view 
illustrating a structure in which the bank layer is 
formed such that an interconnecting electrode is not 

25 covered with the bank layer. 

Fig. 7 is a graph illustrating the l-V characteristic of 
a luminescent element used in the display device 
shown in Fig. 1. 

Fig. 8 is a cross-sectional view illustrating the steps 
30 of producing the display device according to the 
present invention. 

Fig. 9 is a block diagram illustrating an improved 
embodiment of a display device based on the dis- 
play device shown in Fig. 1 . 
35 Fig. 10(A) is a cross-sectional view illustrating a 
dummy interconnection layer formed in the display 
device shown in Fig. 9, and Fig. 1 0(B) is a plan view 
thereof. 

Fig. 11 is a block diagram illustrating a modification 
40 of the display device shown in Fig. 1 . 

Fig. 12(A) is an enlarged plan view illustrating a pix- 
el region formed on the display device shown in Fig. 
11 , and Fig. 12(B) is a cross-sectional view thereof. 
Fig. 1 3 is a block diagram illustrating a conventional 
45 display device. 

Fig. 14(A) is an enlarged plan view illustrating a pix- 
el region formed on the display device shown in Fig. 
13, and Fig. 14(B) is a cross-sectional view thereof. 

so [Reference Numerals] 

[0020] 

1 Display device; 

55 2 Display area; 

3 Data line driving circuit (First driving circuit); 

4 Scanning line driving circuit (Second driving cir- 
cuit); 
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5 


Test circuit; 


6 


Mounting pad; 


7 


Pixel region; 


10 


Transparent substrate; 


20 


First TFT; 


21 


date electrode ot the tirst 1 r I , 


30 


Second TFT; 


31 


Gate electrode of the second TFT; 


40 


Luminescent element; 


41 


Pixel electrode; 


42 


Hole injection layer; 


43 


Organic semiconductor film; 


50 


Gate insulating film; 


51 


First interlayer insulating film; 


52 


Second interlayer insulating film; 


DA 


Dummy interconnection layer; 


bank 


Bank layer; 


cap 


Holding capacitor; 


cline 


Capacitor line; 


com 


Common power supply line; 


gate 


Scanning line; 


op 


Opposite electrode; 


sig 


Data line; and 


St 


Potential sustaining electrode. 
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Best Mode for Carrying Out the Invention 

[0021] The present invention is described in further 
detail below with reference to embodiments in conjunc- 
tion with the accompanying drawings. 30 

(General Construction of Active Matrix Substrate) 

[0022] Fig. 1 is a block diagram schematically illus- 
trating the general layout of a display device. 35 
[0023] In the display device 1 according to the present 
embodiment, as shown in Fig. 1, a display area 2 is 
formed in the center of the surface of a transparent sub- 
strate 10 serving as a base member of the display de- 
vice. In a peripheral area on the transparent substrate *o 
10, a data line driving circuit 3 (first driving circuit) for 
outputting an image signal and a test circuit 5 are formed 
on respective sides at ends of data lines "sig", and scan- 
ning line driving circuits 4 (second driving circuits) for 
outputting a scanning signal are formed on respective 45 
sides at both ends of scanning lines ("gate"). In these 
driving circuits 3 and 4, a shift register, level shifters, and 
analog switches are formed using complementary TFTs 
each consisting of an n-type TFT and a p-type TFT. In 
a peripheral area on the transparent substrate 1 0, out- so 
side the data line driving circuit 3, there are formed 
mounting pads 6 serving as terminals for inputting an 
image signal, various voltages, and a pulse signal. 
[0024] In the display device 1 with the above struc- 
ture, as in the case of an active matrix substrate used 55 
in a liquid crystal display device, various elements are 
formed on the transparent substrate 1 0. They include a 
plurality of scanning lines "gate", a plurality of data lines 



"sig" extending in a direction crossing the direction in 
which the plurality of scanning lines "gate" extend, and 
a plurality of pixel regions 7 formed in the shape of a 
matrix defined by the data lines "sig" and the scanning 
lines "gate". 

[0025] As shown in Fig. 2, each pixel region 7 includes 
a first TFT 20 having a gate electrode 21 (first gate elec- 
trode) to which a scanning signal is supplied via a scan- 
ning line "gate". One of the source/drain regions of the 
TFT 20 is electrically connected to a data line "sig" and 
the other one is electrically connected to a potential sus- 
taining electrode "st". Furthermore, capacitor lines 
"cline" are formed in a direction parallel to the scanning 
lines "gate" such that holding capacitors "cap" are 
formed between the respective capacitor lines "cline" 
and potential sustaining electrodes "st". Thus, when a 
first TFT 20 is selected and turned on by a scanning sig- 
nal, an image signal is written into a holding capacitor 
"cap" from a data line "sig" via the first TFT 20. 
[0026] The potential sustaining electrode "st" is elec- 
trically connected to the gate electrode 31 (second gate 
electrode) of a second TFT 30. One of the source/drain 
regions of the second TFT 30 is electrically connected 
to a common power supply line "com" whereas the other 
one is electrically connected to one electrode (pixel 
electrode, which will be described later) of a luminescent 
element 40. The common power supply line "com" is 
maintained at a constant voltage. Therefore, if the sec- 
ond TFT 30 turns on, an electric current flows from the 
common power supply line "com" into the luminescent 
element 40 via the second TFT 30 and thus the lumi- 
nescent element 40 emits light. 

[0027] In the present embodiment, one common pow- 
er supply line "com" is disposed every two pixel regions 
7 such that the common power supply line "com" is lo- 
cated at the boundary between these two pixel regions 
7 each including a luminescent element 40 which re- 
ceives a driving current from via the common power sup- 
ply line "com". Each of these two pixel regions 7 has its 
own data line "sig" disposed on a side opposite to the 
common power supply line "com". That is, elements are 
disposed into a pattern periodically repeated in the di- 
rection along the scanning lines "gate" wherein the unit 
pattern consists of a data line "sig", pixels connected to 
that data line, a common power supply line "com", pixels 
connected to that common power supply line, and a data 
line "sig" supplying an image signal to those pixels. In 
this arrangement, one common power supply line "com" 
is used to supply a driving current to two lines of pixels. 
Therefore, compared to the case where one common 
power supply line "com" is formed for each line of pixels, 
the total area needed for the common power supply 
lines "com" becomes small. As a result, it becomes pos- 
sible to increase the light emitting area and thus the dis- 
playing performance such as brightness and contrast is 
improved. In this construction, two columns of pixels are 
connected to one common power supply line "com" 
whereas two data lines "sig" extending in parallel are 
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disposed close to each other such that an image signal 
is supplied from them to pixels in the respective col- 
umns. 

(Construction of Pixel Reg tons) 5 

[0028] The construction of each pixel region 7 of the 
display device 1 is described below with reference to 
Figs. 3 to 6(A). 

[0029] Fig. 3 is an enlarged plan view illustrating three 
pixel regions 7 of the plurality of pixels regions 7 formed 
in the display device 1 according to the present embod- 
iment. Figs. 4, 5, and 6(A) are cross-sectional views of 
Fig. 3, taken along lines A-A\ B-B", and C-C\ respec- 
tively. 

[0030] At a location corresponding to line A- A" in Fig. 
3, on the transparent substrate 1 0, an island-shaped sil- 
icon film 200 used to form the first TFT 20 is formed in 
each pixel region 7 and a gate insulating film 50 is 
formed on the surface of the silicon film 200, as shown 
in Fig. 4. A gate electrode 21 is formed on the surface 
of the gate insulating film 50. Source/drain regions 22 
and 23 are formed by doping a high concentration of 
impurities in a self-aligned fashion with respect to the 
gate electrode 21 . A first insulating film 51 is formed on 
the upper surface of the gate insulating film 50. The 
source/drain regions 22 and 23 are electrically connect- 
ed to the data line "sig" and the potential sustaining elec- 
trode "st", respectively, via a contact hole 61 or 62 
formed in the first insulating film 50. 
[0031] A capacitor line "cline" is formed at the same 
layer where the scanning line "gate" and the gate elec- 
trode 21 are formed (that is, at the layer between the 
gate insulating film 50 and the first interlayer insulating 
film 51) in each pixel region 7 such that the capacitor 
line "cline" extends in a direction parallel to the scanning 
line "gate". An extension "st1 " of the potential sustaining 
electrode "st" is formed such that it overlaps the capac- 
itor line "cline" via the first interlayer insulating film 51. 
As a result, a holding capacitor "cap" is formed between 
the capacitor line "cline" and the extension "stv of the 
potential sustaining electrode "st" wherein the first insu- 
lating film 51 serves as the dielectric film of the holding 
capacitor "cap". A second insulating film 52 is formed at 
a layer above the potential sustaining electrode "st" and 
the data line "sig". 

[0032] At a location corresponding to line B-B' in Fig. 
3, two data lines "sig" used by respective pixel regions 
7 are formed close to each other and in parallel to each 
other, as shown in Fig. 5, at a layer on the first interlayer 
insulating film 51 formed on the transparent substrate 
10 and on the second interlayer insulating film 52. 
[0033] At a location corresponding to line C-C* in Fig. 
3, an island-shaped silicon film 300 used to form the sec- 
ond TFT 30 is formed, as shown in Fig. 6(A), on the 
transparent substrate 1 0 such that the silicon film 300 
extends over two pixel regions 7 across a common pow- 
er supply line "com" located between these two pixel re- 



gions 7. A gate insulating film 50 is formed on the sur- 
face of the silicon film 300. Gate electrodes 31 are 
formed in the respective two pixel regions 7, on the sur- 
face of the gate insulating film 50, such that the gate 
electrodes 31 are located at both sides of the common 
power supply line "com". Source/drain regions 32 and 
33 are formed by doping a high concentration of impu- 
rities in a self-aligned fashion with respect to the gate 
electrodes 31. A first interlayer insulating film 51 is 
formed at a layer on the gate insulating film 50. Inter- 
connecting electrodes 35 are electrically connected to 
the source/drain regions 32 via contact holes 63 formed 
in the first interlayer insulating film 51. On the other 
hand, the part of the silicon film 300 which will be a com- 
mon source/drain region 33 at the center of two pixel 
regions 7 is electrically connected to the common power 
supply line "com" via a contact hole 64 formed in the first 
interlayer insulating film 51 . A second interlayer insulat- 
ing film 52 is formed at a layer over the surface of the 
common power supply line "com" and also over the sur- 
face of the interconnecting electrodes 35. ITO films 
serving as pixel electrodes 41 are formed on the surface 
of the second interlayer insulating film 52. The pixel 
electrodes 41 are electrically connected to the respec- 
tive interconnecting electrodes 35 via contact holes 65 
formed in the second interlayer insulating film 52 and 
further electrically connected to the respective source/ 
drain regions 32 of the second TFTs 30 via the intercon- 
necting electrodes 35. 

[0034] Each pixel electrode 41 serves as one of elec- 
trodes of a corresponding luminescent element 40. That 
is, a hole injection layer 42 and an organic semiconduc- 
tor film 43 are formed in a multilayer fashion on the sur- 
face of the pixel electrodes 41, and a metal film of alu- 
minum containing lithium or of calcium serving as an op- 
posite electrode "op" is formed on the surface of the or- 
ganic semiconductor film 43. The opposite electrode 
"op" is formed at least over the entire areas of all pixel 
regions 41 or formed in a stripe shape such that it serves 
as a common electrode maintained at a constant volt- 
age. 

[0035] In each luminescent element 40 constructed in 
the above-described fashion, a voltage is applied be- 
tween the opposite electrode "op" and the pixel elec- 
trode 41 serving as positive and negative electrodes, re- 
spectively. If the applied voltage becomes greater than 
a threshold voltage, the current (driving current) flowing 
through the organic semiconductor film 43 increases 
abruptly, as shown in Fig. 7. As a result, the luminescent 
element 40 acts as an electroluminescent element or an 
LED and emits light. The light emitted from the lumines- 
cent element 40 is reflected by the opposite electrode 
"op" and output to the outside via the transparent pixel 
electrode 41 and the transparent substrate 10. 
[0036] The driving current for emission of light is 
passed through a current path consisting of the opposite 
electrode "op", the organic semiconductor film 43, the 
hole injection layer 42, the pixel electrode 41, the see- 
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ond TFT 30, and the common power supply line "com". 
Therefore, if the second TFT 30 is turned off, the driving 
current stops flowing. However, in the display device 1 
according to the present embodiment, when a first TFT 
20 is selected and turned on by a scanning signal, an 
image signal is written into a holding capacitor "cap" 
from a data line "sig" via the first TFT 20. As a result, 
the gate electrode of the second TFT 30 is held by the 
holding capacitor "cap" at a voltage conesponding to the 
image signal even after the first TFT 20 is turned off, 
and thus the second TFT 30 is maintained in the on- 
state. As a result, the driving current keeps flowing 
through the luminescent element 40 and the corre- 
sponding pixel keeps emitting light This state is main- 
tained until the second TFT 30 is turned off after new 
image data is written into the holding capacitor "cap". 

(Method of Producing Display Device) 

[0037] In the process of producing the display device 
1 having the above-described structure, the steps from 
the beginning until the first TFTs 20 and the second TFTs 
30 are formed on the transparent substrate 1 0 are sim- 
ilar to the steps of producing an active matrix substrate 
for use in a liquid crystal display device 1 . The outline 
of the production process is described below with refer- 
ence to Fig. 8. 

[0038] Fig. 8 is a cross-sectional view illustrating the 
steps of producing various parts of the display device 1 . 
[0039] First, as shown in Fig. 8(A), a silicon oxide film 
serving as an underlying protective film (not shown) with 
a thickness of about 2000 to 5000 A is formed on a trans- 
parent substrate 1 0 by means of a plasma CVD tech- 
nique using source gases such as TEOS (tetraethoxysi- 
lane) and oxygen as required. Then the temperature of 
the substrate is set to about 350°C, and a semiconduc- 
tor film 100 of amorphous silicon with a thickness of 
about 300 to 700 A is formed on the surface of the un- 
derlying protective film by means of plasma CVD. The 
semiconductor film 100 of amorphous silicon is then 
crystallized by means of laser annealing or solid phase 
growth so as to convert the semiconductor film 1 00 into 
a polysilicon film. The laser annealing may be performed 
for example using an excimer laser line beam with a 
longer side length of 400 mm with an output power of 
for exampie 200 mJ/cm 2 . The line beams is scanned 
such that adjacent scanned lines have an overlap at 
90% of peak power along the shorter sides of the laser 
beam. 

[0040] The semiconductor film 1 00 is patterned into 
islands 200 and 300 of semiconductor film, as shown in 
Fig. 8(B). Subsequently, a silicon oxide film or a silicon 
nitride film with a thickness of about 600 to 1 500 A serv- 
ing as a gate insulating film 50 is formed by means of a 
plasma CVD process using TEOS (tetraethoxysilane) 
and oxygen as source gases. 

[0041] After that, as shown in Fig. 8(C), a conductive 
film is formed by sputtering metal such as aluminum, 



tantalum, molybdenum, titanium, or tungsten. The con- 
ductive film is then patterned so as to form gate elec- 
trodes 21 and 31 (gate electrode formation step). In this 
step, scanning lines "gate" and capacitor lines "cline" 
5 are also formed. In Fig. 8(C), reference numeral 310 de- 
notes an extension of the gate electrode 31. 
[0042] Subsequently, a high concentration of phos- 
phorus ions are implanted so that source/drain regions 
22, 23, 32, and 33 are formed in the thin silicon films 
200 and 300 in a self-aligned fashion with respect to the 
gate electrodes 31 and 31. The parts where no impuri- 
ties are implanted in this step become channel regions 
27 and 37. 

[0043] After that, as shown in Fig. 8(D), a first inter- 
layer insulating film 51 is formed and then contact holes 
61 , 62, 63, 64, and 69 are formed therein. Furthermore, 
data lines "sig", capacitor lines "cline", potential sustain- 
ing electrodes "st" including extensions "st1 N overlap- 
ping extensions 31 0 of the gate electrodes 31 , common 
power supply lines "com", and interconnecting elec- 
trodes 35 are formed. As a result, the potential sustain- 
ing electrodes "st" are electrically connected to the cor- 
responding gate electrodes 31 via corresponding con- 
tact holes 69 and extensions 310. Thus, the first TFTs 
20 and the second TFTs 30 are obtained. Furthermore, 
the holding capacitors "cap" are formed between the re- 
spective capacitor lines "cline" and the extensions "st1" 
of the potential sustaining electrodes "st". 
[0044] After that, as shown in Fig. 8(E), a second in- 
sulating film 52 is formed and then contact holes 65 are 
formed in this second insulating film 52, at locations cor- 
responding to the interconnecting electrodes 35. Sub- 
sequently, an ITO film is formed over the entire surface 
of the second insulating film 52.The ITO film is then pat- 
terned so as to form pixel electrodes electrically con- 
nected to source/drain regions 32 of the corresponding 
second TFTs 30 via contact holes 65. 
[0045] Then, as shown in Fig. 8(F), a black resist layer 
is formed on the surface of the second interlay er insu- 
lating film 52. The resist layer is then patterned into the 
shape of the bank layer "bank" surrounding the light 
emitting areas where the hole injection layers 42 and 
the organic semiconductor films 43 of the respective lu- 
minescent elements 40 will be formed. Herein, the or- 
ganic semiconductor films 43 may be formed in the form 
of, for example, isolated boxes in the respective pixels 
or in the form of stripes extending along the data lines 
"sig". In any case, it is simply required to form the bank 
layer "bank" into the corresponding shape according to 
the production method of the present embodiment. 
[0046] Then a liquid material (precursor) for forming 
the hole injection layers 42 is emitted from an ink-jet 
head IJ into the inner areas surrounded by the bank lay- 
er "bank" thereby forming the hole injection layers 42 in 
the inner areas surrounded by the bank layer "bank". 
Similarly, a liquid material (precursor) for forming the or- 
ganic semiconductor films 43 is emitted from the ink-jet 
head IJ into the inner areas surrounded by the bank lay- 
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er "bank" thereby forming the organic semiconductor 
films 43 in the inner areas surrounded by the bank layer 
"bank". Because the bank layer is formed of the resist, 
the bank layer is water repellent. On the other hand, the 
precursor of the organic semiconductor films 43 is in the 
form of a hydrophilic solvent. This ensures that the or- 
ganic semiconductor films 43 are deposited only within 
the areas defined by the bank layer "bank" without pro- 
ducing a part protruding into an adjacent pixel. This 
technique makes it possible to form the organic semi- 
conductor films 43 or the like only in desired areas. How- 
ever, in the case where the bank layer "bank" is formed 
to have partition walls as high as about 1 um, the parti- 
tions walls of the back layer "bank" can work well even 
if the bank layer "bank" is not water repellent. Further- 
more, the bank layer "bank" may also be used to define 
the areas where the hole injection layers 42 and the or- 
ganic semiconductor films 43 are formed by means of a 
coating technique instead of the ink-jet technique. 
[0047] In the present embodiment, in the case where 
the organic semiconductor film 43 and the hole injection 
layer 42 are formed by means of the ink-jet technique, 
the center-to-center pitch P of the areas where the or- 
ganic semiconductor film 43 is formed is set to an equal 
value over the ail pixel areas 7 arranged in the direction 
along the scanning lines "gate" as shown in Fig. 3 there- 
by achieving high productivity. In this case, it is simply 
required to emit a material for the organic semiconduc- 
tor film 43 from the ink-jet head IJ at equal intervals 
along the direction, denoted by an arrow Q, in which the 
scanning lines "gate" extend. Thus, high productivity 
can be achieved. Because the requirement for the ink- 
jet head IJ is only to move at equal intervals, high emis- 
sion accuracy can be achieved using a simple mecha- 
nism for moving the ink-jet head IJ. 
[0048] After that, as shown in Fig. 8(G), the opposite 
electrode "op" is formed on the entire area of the surface 
of the transparent substrate 10 or into the shape of 
stripes. The bank layer "bank" made of the black resist 
is left in place so that it serves as a black matrix BM and 
also as an insulating layer for reducing the parasitic ca- 
pacitance. 

[0049] TFTs are also formed in the data line driving 
circuit 3 and the scanning line driving circuit 4 shown in 
Fig. 1 wherein these TFTs may be formed using all or 
part of the above-described processing steps used to 
form the TFTs in the pixel areas. Therefore, the TFTs in 
the driving circuits are formed at the same layer where 
the TFTs in the pixel regions 7 are formed. 
[0050] Both the first TFTs 20 and the second TFTs 30 
may be of either the N-type or P-type. Otherwise, either 
the first TFTs 20 or the second TFTs 30 may be of the 
N-type and the other may be of the P-type. In any case, 
the TFTs may be produced using a known technique and 
thus the production method of the TFTs is not described 
in further detail herein. 

[0051] In the luminescent elements 40, the hole injec- 
tion layer 42 may be removed although the luminous ef- 



ficiency slightly decreases. When an electron injection 
layer is formed instead of the hole injection layer 42 on 
the organic semiconductor film 43 on the side opposite 
to the hole injection layer 42, both the hole injection layer 
5 42 and the electron injection layer may be formed. 

(Area Where Bank Layer Is Formed) 

[0052] In the present embodiment, the above-de- 
10 scribed bank layer "bank" is formed over the entire pe- 
ripheral area (diagonally shaded area in Fig. 1) on the 
transparent substrate 10 shown in Fig. 1. As a result, 
the data driving circuit 3 and the scanning line driving 
circuit 4 are covered with the bank layer "bank". There- 
's fore, when the opposite electrode "op" is formed such 
that it extends over the area where the driving circuits 
are formed, the bank layer "bank" is present between 
the opposite electrode "op" and the interconnection lay- 
ers in the driving circuits. As a result, the driving circuits 
20 3 and 4 are prevented from having parasitic capaci- 
tance. This result in a reduction in the load of the driving 
circuits 3 and 4, and thus a reduction in power consump- 
tion and an increase in the speed of displaying operation 
are achieved. 

25 [0053] Furthermore, in the present embodiment, as 
shown in Figs. 3 to 5, the bank layer "bank" is formed 
such that it extends over the data lines "sig" and thus 
the bank layer "bank" is also present between the op- 
posite electrode "op" and the data lines "sig". Asa result, 

30 the data lines "sig" are prevented from having parasitic 
capacitance. This results in a reduction in the load of the 
data line driving circuit 3. Therefore, it is possible to 
achieve a reduction in power consumption and an in- 
crease in the speed of displaying operation. 

35 [0054] Furthermore, in the present embodiment, as 
shown in Figs. 3, 4, and 6(A), the bank layer "bank" is 
also formed such that the area of each pixel electrode 
41 overlapping the interconnecting electrode 31 is cov- 
ered with the bank layer "bank". If there were no bank 

to layer "bank" in this area overlapping the interconnecting 
electrode 35 as shown in Fig. 6(B), a driving current 
would flow in this area between the opposite electrode 
"op" and the pixel electrode 41 and the organic semi- 
conductor film 43 in this area would emit light. However, 

45 the light emitted from such an area would be confined 
between the interconnecting electrode 35 and the op- 
posite electrode "op" and it would not be emitted to the 
outside. As a result, the light would not make any . con- 
tribution to displaying of an image. Thus, such a driving 

50 current is useless. 

[0055] In the present embodiment, to avoid such a 
problem, the bank layer "bank" is formed in the area 
where a useless current would otherwise flow so that 
the driving current is prevented from flowing in this area. 

55 This also prevents the useless current from flowing 
through the common power supply lines "com". There- 
fore, it is possible to reduce the width of the common 
power supply line "com" by an amount corresponding to 
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the reduction in the current. In the present embodiment, 
the power supply lines "com", unlike the data lines "sig", 
are required to carry a large current for driving the lumi- 
nescent elements 40. That is, each common power sup- 
ply line "com" is required to supply a driving current to 
two lines of pixels. To this end, the common power sup- 
ply lines "com" are formed using the same material as 
that of the data lines "sig" but they have a width greater 
than the width of the data lines "sig" so that the resist- 
ance of the common power supply lines "com" per unit 
length becomes lower than the resistance of the data 
lines "sig" per unit length. In the present embodiment, 
because the useless current is prevented from flowing 
through the common power supply lines "com" as de- 
scribed earlier, the width of the common power supply 
lines "com" may be reduced to a minimum required lev- 
el. This allows the light emitting area of the pixel regions 
7 to be increased. Thus, the display performance such 
as the brightness and the contrast can be improved. 
[0056] When the bank layer "bank" is formed in the 
above-described fashion, the bank layer "bank" may 
serve as a black matrix which results in an improvement 
in the display performance such as the contrast. In the 
display device 1 according to the present embodiment, 
because the opposite electrode "op" is formed on the 
transparent substrate 10 over the entire pixel regions 7 
or into the shape of stripes over a wide area, light re- 
flected by the opposite electrode "op" can degrade the 
contrast. In the present embodiment, to avoid the above 
problem, the bank layer is formed of the black resist so 
that it serves as the black matrix which blocks light re- 
flected from the opposite electrode "op" and thus the 
contrast is improved, wherein the bank layer also serves 
to prevent the parasitic capacitance. 

[Improved Embodiment] 

[0057] In the embodiments described above, one 
common power supply line "com" is formed for every 
two lines of pixel regions 7 such that the common power 
supply line "com" is located at the center of the two lines 
of pixel regions and such that pixel regions 7 at both 
sides of the common power supply line "com" are sup- 
plied with the driving current via that common power 
supply line "com". Furthermore, in the embodiments de- 
scribed above, two data lines "sig" are formed at loca- 
tions which are close to each other such that they extend 
over the pixel areas 7 on the side opposite to the com- 
mon power supply line "com". In this structure, crosstalk 
can occur between the two data lines "sig". In an im- 
proved embodiment, to avoid the above problem, a 
dummy interconnection layer DA is formed between the 
two data lines "sig" as shown in Fig. 9 and Figs. 10A 
and 10(B). The dummy interconnection layer DA may 
be realized using, for example, an ITO film DA1 formed 
at the same time as the pixel electrodes 41 . Alternative- 
ly, the dummy interconnection layer DA may be realized 
using an extension DA2 formed by extending the capac- 



itor line "cline" into the area between the two data line 
"sig". Furthermore, both may be employed as the dum- 
my interconnection layer DA. 

[0058] In the above arrangement in which another in- 
5 terconnection layer different from the two data lines "sig" 
located close to each other is disposed between the two 
data lines "sig", the crosstalk can be prevented simply 
by maintaining the interconnection layer DA (DA1 , DA2) 
at a constant voltage at least for one horizontal scanning 
period. Whereas the first interlayer insulating film 51 and 
the second interlayer insulating film 52 have a thickness 
of about 1 .0 urn, the spacing between the two data lines 
"sig" is about 2 u,m or greater. Therefore, the capaci- 
tance between the two data lines "sig" is negligibly small 
compared to the capacitance between the dummy inter- 
connection layer DA (DA1, DA2) and either data line 
"sig". As a result, a high-frequency leakage signal from 
the data lines "sig" are absorbed by the dummy inter- 
connection layer DA and thus the crosstalk between the 
two data lines "sig" is prevented. 

(Further Embodiments) 

[0059] Although in the embodiments described 
above, the holding capacitors "cap" are formed using 
the capacitor lines "cline" (capacitor electrodes), the 
holding capacitors "cap" may also be formed using the 
polys ilicon film used to form the TFTs as described ear- 
lier with reference to the conventional technique. 
[0060] The holding capacitors "cap" may also be 
formed between the common power supply lines "com" 
and the potential sustaining electrodes "st" as shown in 
Fig. 11. In this case, as shown in Figs. 12(A) and 12(B), 
the extension 310 of each gate electrode 31 for electri- 
cally connecting the gate electrode 31 to the corre- 
sponding potential sustaining electrode "st" is extended 
to a location under the corresponding common power 
supply line "com" so that the holding capacitor "cap" is 
formed between the extension 310 and the common 
power supply line "com" wherein the first interlayer in- 
sulating film 51 serves as the dielectric film of the holding 
capacitor "cap". 

Industrial Applicability 

[0061] As described above, the display device ac- 
cording to the present invention is characterized in that 
the insulating bank layer for defining the areas where 
the organic semiconductor films of the luminescent ele- 
ments are formed is also formed between the opposite 
electrode and the data lines or between the opposite 
electrode and the driving circuits. This makes it possible 
to prevent parasitic capacitance associated with data 
lines and interconnection layers in driving circuits even 
when there is an overlap between the opposite elec- 
trode and the data lines or the driving circuits. As a re- 
sult, the loads of the driving circuits are reduced. Fur- 
thermore, it becomes possible to deal with an image sig- 
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nal at higher frequencies. 



Claims 

1. A electroluminescence device, comprising: 

a plurality of scanning lines; 
a plurality of data lines extending at an angle 
relative to a direction of extension of the plural- 
ity of scanning lines; 

at least one thin film transistor electrically con- 
nected to said data lines and said scanning 
lines; 

a plurality of pixel electrodes electrically con- 
nected to the at least one thin film transistor; 
an opposite electrode formed facing the plural- 
ity of pixel electrodes; 

a luminescent element including an organic 
semiconductor film formed between said plural- 
ity of pixel electrodes and the opposite elec- 
trode, the organic semiconductor film defining 
at least one light emitting area; and 
an insulator covering at least a portion of a data 
line of a plurality of data lines, the insulator sur- 
rounding the at least one light emitting area of 
the organic semiconductor film. 

2. The electroluminescence device according to claim 
1, 

the organic semiconductor film including a 
film formed by an ink-jet technique in the at least 
one area surrounded by said insulator, and said in- 
sulator including a water repellent film. 

3. The electroluminescence device according to claim 
1, 

said organic semiconductor film including a 
film formed by an ink-jet technique in the at least 
one area surrounded by said insulator, and said in- 
sulator having a thickness of at least Ifim. 

4. The electroluminescence device according to claim 
1, 

each pixel electrode of the plurality of pixel 
electrodes having an area overlapping the at least 
one thin film transistor, the insulator covering the ar- 
ea of the pixel electrode. 

5. The electroluminescence device according to claim 
1, 

said insulator being formed of a black resist 

film. 

6. The electroluminescence device according to claim 
1, 

further including common power supply lines, 
a resistance of said common power supply lines per 



unit length being smaller than a resistance of said 
data lines per unit length. 

7. The electroluminescence device according to claim 
5 1, 

further including common power supply lines, 
said common power supply lines and said data lines 
being made of the same material, and having the 
same thickness, a width of said common power sup- 
10 ply lines being greater than a width of said data 
lines. 

8. The electroluminescence device according to claim 
1, 

15 further including pixel regions and common 

power supply lines, the pixel regions being located 
at opposite sides of each of the common power sup- 
ply lines, the pixel regions being supplied with driv- 
ing current via the common power supply line, data 
20 lines extending over said pixel regions on respec- 
tive sides opposite to the common power supply 
line. 

9. The electroluminescence device according to claim 

25 8, 

further including an interconnection layer 
formed between the two data lines of the plurality 
of data lines extending, across said pixel regions, 
on the sides opposite to each said common power 
30 supply line. 

10. The electroluminescence device according to claim 
1, 

further including pixel regions, a center-to- 
center pitch of the organic semiconductor film being 
equal in pixel regions located along a direction par- 
allel to a direction of extension of the scanning lines. 



w 



15 



40 



45 



50 



10 



EP 1 505 649 A2 



[FIG. 1] 




11 



EP 1 505 649 A2 



[FIG. 2] 



sig^ com 



gate 



cline 




12 



EP 1 505 649 A2 




13 



EP 1 505 649 A2 



(FIG. 4) 

A- A' CROSS SECTION 




14 




15 



EP 1 505 649 A2 



[FIG. 7] 




16 



EP 1 505 649 A2 



(FIG. '8J 



(A) 
CB) 

(c) 

(D) 



(E) 



(F) 



100 
10 



200 

♦ yr21,gatet 



□ r 



300 



-50 
-10 



-50 



23^27 y ^22 



cline 



«i /-slg ^-62^-st/St! ,69 /com > 

n n r i — - — i ^ i ^p^i r 

i i i i f \ \ r i ) i 



3Z^2.7 J ^32 

com ,-35 
-^63 



51 

j-50 
^10 



k cline v 310 30 
35 



(G) 




'20 cap 



310 



17 



EP 1 505 649 A2 




18 



EP 1 505 649 A2 



[FIG. 10] 
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[FIG. 13] 
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